Introduction
The Lawrence Berkeley Laboratory Time Projection Chamber (TPC) being installed in PEP-4 at SLAC requires over 16,000 channels of low noise electronics in order to obtain the required energy, and position resolution. The basic features of the Time Projection Chamber are described in another paper in this issue.i There are approximately 1200 wires and 15,000 pads in the end caps mounted inside the gas volume with a low noise preamplifier closely connected to each. The wire signal amplitudes measure dE/dx along the track of the charge particles in about 4 mm radial segments. The delay time of the wire signals from a fast trigger measures the drift time of charge in the chamber and hence the axial position of a track. Finally, the distribution of signals in the pads determines the azimuthal position of a track.
Two slightly different types of preamplifers are used, one matched to the pad and the other to the wire signals. The outputs of the preamplifiers pass through the detector pressure wall, and through approximately 30 m of coaxial ribbon cables to the shaping amplifiers that produce pseudo Gaussian pulse shapes peaking in about 250 ns. These shaped signals arve sent to charge coupled devices (CCD) used as analog shift registers. Details of this portion of the system are given in another paper in this issue.2
Preamplifiers
The low noise preamplifiers have an equivalent input noise of 500 and 1000 electrons RMS (referred to the input), for the pad (5 pF load) and wire (20 pF load) respectively. Rise times are .550 ns and the operating power is nominally 100 mW. The preamplifiers use discrete components mounted on small plug-in P.C. boards. Miniature solid tantalum capacitors, 1/8 W resistors and SOT-23 packaged transistors are employed. The subminiature SOT-23 packaged transistors3 were 100% factory electrically pretested; they have identical electrical specifications (excepting power ratings) in the equivalent devices in more conventional packages. The production cost of the preamplifiers, including parts, fabrication, and testing, was $13. This is about 1/2 to 1/3 the estimated cost of a comparable hybrid version of the unit.
Careful attention has been paid to components that might desorb electronegative materials into the TPC, as these would poison the counting gas. The long drift distance (1 meter) makes this particularly important in TPC. Also, components containing Kovar were excluded from the preamplifiers as ferromagnetic materials would distort the uniformity of the internal magnetic field of the TPC. Figure 1 shows a photograph of the pad and wire preamplifier along with a scale to illustrate the small size. The pins on the wire preamplifiers are offset relative to the pad preamplifiers so that the preamplifiers can be plugged into both sides of the mother board. Figure 2 shows a photograph of a mother board with forty channels of preamplifiers plugged into both sides. This illustrates the preamplifiers' packing density in TPC. It also shows the integral shields used on the preamplifiers. Calibration test inputs for pad preamplifiers are on the mother board. Substantial cost savings were made by correct choice of two potentially expensive components. First the collector base junction of an SOT-23 transistor is used as the input protective diode. Secondly, rather than using a miniature low loss, expensive feedback capacitors, we chose to use a simple parallel plate capacitor using a small area of the printed circuit board. The dielectric is Nema G-10 and the capacitor plates are etched copper foil on either side of the P.C. board. This type of capacitor is suitable only for short peaking times as it can exhibit high losses and poor charge soakage properties.
Preamplifier Testing
The preamplifiers were tested simply by measuring the supply currents, then the high frequency gain was measured by injecting a 10 MHz calibrated amplitude signal into the preamplifier and measuring the output on a RMS voltmeter. plifier output is back terminated in 91 ohms and Fig. 4 Schematic of wire preamplifier will drive a 2.5 V negative going pulse into a 90 ohm terminated coax cable or 5 V into an open circuit. The 1.5 ps differentiating time constant between the first and second stages is used to partially compensate for the slow components of the detector signal.1 The wire amplifier also has a simple leading-edge discriminator on its output which is used in the trigger electronics system for TPC. Figure 6 shows a photograph of a 16 channel wire amplifier card. The card also contains the positive and negative 8 volt regulators for 16 preamplifiers and the temperature-compensated positive and negative 6 V rails needed for the amplifier stages. The schematic for one channel of the pad amplifier is shown in Fig. 7 . The amplifiers use standard small inexpensive parts. The cost of the shaping amplifier, including the components, manufacturing and testing of the boards, was $400 for a board or equivalent to $28 per channel.
Computer Controlled On-Line Testing TPC has an extensive computer-controlled pulser system for calibration and diagnostics of the elements in the linear channels. The 100 K ohm resistor and diode at the input of the first stage is used to supply a pulser signal to each amplifier. The pulser signal is generated (under computer control) in the 17th card in a bin containing 16 amplifier cards. A separate pulser signal is generated for each card of 16 amplifiers, but all 16 amplifiers on the same card are pulsed at the same time. A similar pulser system is used at the input of the CCD channel and also of the digitizer. These pulser signals are used to locate nonfunctioning boards in the system. Automatic Production and Testing All amplifier testing is performed in an automatic tester controlled by a small personal microcomputer (16K PET*). The manufacturer of both the wire and pad shaping amplifier boards used the automatic tester to control the quality of the boards and to provide a printed record of all the tests. The test time per board is less than two minutes. The memory expansion part of the PET computer was interfaced to four 8255 programmable periperhal interface chips that provided twelve 8-bit I/O ports to the tester. The 8255 was controlled and read by poke and peek commands in the "Basic" language of the PET computer.
A block diagram of the automatic tester is shown in Fig. 8 . The following tests were performed on each amplifier.
(i) The power supply currents were checked several times through the testing period to check for leaky tantalum capacitors (which might have been inserted in the reverse direction during fabrication). (iv) The gain of each amplifier channel was measured.
(v) The noise was measured for each channel.
(vi) Crosstalk was checked by pulsing every channel except the one being tested.
(vii) The pulse shape of the output pulse was measured.
(viii) The input test pulser was checked.
(ix) In the case of the wire amplifiers the output discriminator operation was checked.
The tests results were compared with a set of limits stored in the program and all measurements were printed out with error messages. A typical printout is shown in Table I 
